Regulation of transmitter release from retinal bipolar cells.
Mb1 bipolar cells (ON-type cells) of the goldfish retina have exceptionally large (approximately 10 microns in diameter) presynaptic terminals, and thus, are suitable for investigating presynaptic mechanisms for transmitter release. Using enzymatically dissociated Mb1 bipolar cells under whole-cell voltage clamp, we measured the Ca2+ current (ICa), the intracellular free Ca2+ concentration ([Ca2+]i), and membrane capacitance changes associated with exocytosis and endocytosis. Release of transmitter (glutamate) was monitored electrophysiologically by a glutamate receptor-rich neuron as a probe. L-type Ca2+ channels were localized at the presynaptic terminals. The presynaptic [Ca2+]i was strongly regulated by cytoplasmic Ca2+ buffers, the Na(+)-Ca2+ exchanger and the Ca2+ pump in the plasma membrane. Once ICa was activated, a steep Ca2+ gradient was created around Ca2+ channels; [Ca2+]i increased to approximately 100 microM at the fusion sites of synaptic vesicles whereas up to approximately 1 microM at the cytoplasm. The short delay (approximately 1 ms) of exocytosis and the lack of prominent asynchronous release after the termination of ICa suggested a low-affinity Ca2+ fusion sensor for exocytosis. Depending on the rate of Ca2+ influx, glutamate was released in a rapid phasic mode as well as a tonic mode. Multiple pools of synaptic vesicles as well as vesicle cycling seemed to support continuous glutamate release. Activation of protein kinase C increased the size of synaptic vesicle pool, resulting in the potentiation of glutamate release. Goldfish Mb1 bipolar cells may still be an important model system for understanding the molecular mechanisms of transmitter release.